Studies of the outcomes of preterm infants after the receipt of extensive cardiopulmonary resuscitation (CPR) at birth or in the neonatal intensive care units (NICUs) have yielded varied results. A systematic review of the outcomes of very low birth weight (VLBW) and extremely low birth weight (ELBW) infants who received extensive resuscitation at birth or in the NICU was carried out. MEDLINE, EMBASE, CINAHL databases were searched for studies of extensive CPR in the delivery room (DR-CPR) and in NICU (NICU-CPR) that have reported neonatal or long-term outcomes. A total of 20 eligible studies were identified (11 of DR-CPR, 7 of NICU-CPR and 2 had combined data). DR-CPR was associated with an increased risk of mortality (odds ratio (OR) 2.83, 95% confidence interval (CI) 1.92, 4.16) and severe neurological injury (OR 2.27, 95% CI 1.40, 3.67) compared with infants who did not receive extensive CPR. NICU-CPR was associated with an increased risk of mortality (OR 55, 95% CI 15, 195) compared with infants who did not receive CPR; however, confidence limits were wide. The longterm outcome of survivors was reported in a limited number of studies. Extensive CPR at birth or in the NICU for VLBW or ELBW infants was associated with higher risk of mortality.
Introduction
Over the past two decades, neonatal resuscitation has evolved significantly. Rigorous and standardized programs have been implemented with training, testing and re-testing at regular intervals.
1,2 A multidisciplinary approach involving physicians and allied health professionals is encouraged. Among all neonates, it is estimated that approximately 5 to 7% of neonates receive resuscitative support of some degree during the immediate period after birth, and of these approximately 1% neonates receive extensive support. 1, 2 Use of chest compressions and/or epinephrine during cardiopulmonary resuscitation (CPR) is considered as an extensive measure. Approximately 6 to 10% of very low birth weight (VLBW) and extremely low birth weight (ELBW) infants are reported to receive extensive CPR measures. In addition, a proportion of infants receive extensive resuscitative measures during their stay in the neonatal intensive care unit (NICU). 3 Reports of outcomes of infants who have received extensive CPR efforts have yielded varying results. Studies performed in the early 1990s have reported significantly adverse outcomes for infants <750 g birth weight, 4 whereas some recent studies have questioned this notion and have reported no difference in the outcomes. 3, 5, 6 The objective was to perform a systematic review and metaanalyses of outcomes of VLBW and ELBW infants who received extensive CPR compared with those who did not receive extensive CPR.
Methods

Study question
What are the neonatal and long-term outcomes of VLBW and ELBW neonates who received CPR (a) in the delivery room (DR-CPR) and (b) the NICUs (NICU-CPR) compared with infants who did not receive CPR?
Study selection
Reports of outcomes of infants after extensive DR-CPR and NICU-CPR were included. As expected, these studies were retrospective case-series or comparative cohorts. Letters to editors (not containing primary data), editorials, review articles and commentaries were excluded, but were read to identify potential studies. Duplicate reports not providing additional information were excluded. Studies that define intubation as extensive CPR were not included. August 2008) using database-specific terms. No language restrictions were applied. Search terms included infants, newborn; infants, premature; low birth weight; resuscitation; chest compression; epinephrine; outcome; comparative study; cohort study and retrospective study.
Data extraction. All potential reports were reviewed and data from eligible reports were abstracted. The data extraction and entry were performed by the investigator and a research fellow. Discrepancies were resolved by consensus. The methodological quality was assessed using the information in the original publications. Quality was assessed regarding selection of cases (representative cohort or selected population), description of resuscitation procedure, clarity in the definition of extensive CPR and attrition for outcome assessment.
Definitions. The primary outcome was mortality before discharge from NICU. Secondary outcomes were severe neurological injury (defined as grade 3 or 4 intraventricular hemorrhage (IVH) or periventricular leukomalacia); severe retinopathy of prematurity (ROP) greater than stage 2; chronic lung disease (CLD) at 36 weeks corrected gestational age; 7 necrotizing enterocolitis; and survival without long-term neurodevelopmental disability. Data on IVH reported in four grades according to the criteria of Papile 8 were collected from studies. Necrotizing enterocolitis data according to Bell's criteria (stage 2 or higher) 9 were collected. Long-term outcome data (survival without major handicap, neurodevelopmental problems, blindness, deafness) were collected from available reports.
Analyses. Two separate analyses were planned a priori (1) DR-CPR and (2) NICU-CPR compared with a control group. A typical effect size was calculated and reported as Peto's odds ratio (OR) with 95% confidence interval (CI). All analyses (random effects model for meta-analyses) were performed using Revman 5.0 software (Cochrane Collaboration, www.cochrane.org). The w 2 -test was applied to detect between-study heterogeneity and the I-squared (I 2 ) values were calculated to assess the appropriateness of combining study results. 10 The random effects model was chosen to incorporate intra-and inter-studies variability. No statistical corrections were employed to adjust for multiple analyses. Subgroup analyses for ELBW and for infants <28 weeks gestational age were planned. A previously unplanned subgroup analysis dividing the cohorts into before and after the year 1994 (pre and post-surfactant and antenatal steroid era) was performed after data collection.
Results
A total of 24 studies were assessed for eligibility. Of these, 20 studies were eligible for inclusion; 11 studies reported on DR-CPR, 3, 5, 6, [11] [12] [13] [14] [15] [16] [17] [18] 7 reported on NICU-CPR 4,19-24 and 2 reported on combined DR-CPR and NICU-CPR data. 25, 26 Four studies were excluded: Jain et al. 27 studied patients with low Apgar scores and data on DR-CPR could not be separated; Innes et al. 28 studied CPR among pediatric patients; Doron et al. 29 studied parental preferences for DR-CPR and no actual patient data were provided; and Lindemann et al. 30 reported the use of endotracheal epinephrine during CPR in neonates; however, no data on outcomes were provided. Clinical details of the studies included for this review are reported in Tables 1 and 2 . All reports were retrospective evaluations.
Outcomes Mortality. A total of 12 studies reported on mortality (10 studies had a comparator group and 2 studies were reports of neonates who received extensive CPR without a control group). There was a statistically significant increase in the risk of mortality among (a) neonates who received DR-CPR (10 studies, 29 412 neonates, 38.3% vs 12.4%, OR 2.83, 95% CI 1.92, 4.16; Figure 1 ) and (b) neonates who received NICU-CPR (5 studies, 1515 neonates, 87.3% vs 18.5%, OR 55, 95% CI 15, 195; Figure 2 ) compared with infants who did not receive extensive CPR in DR or NICU, respectively.
Severe neurological injury (grade 3 or 4 IVH or periventricular leukomalacia). There was a statistically significant increase in the risk of severe neurological injury among neonates who received DR-CPR (7 studies, 24 058 neonates, 17.0% vs 5.4%, OR 2.27, 95% CI 1.40, 3.67; Figure 3 ) compared with infants who did not receive DR-CPR. Data on neurological injury from neonates who received NICU-CPR were not available. Figure 4 ) who received DR-CPR compared with those who did not. Subgroup analyses based on pre-and post-surfactant era (publications before 1994 and after 1994) revealed that there were only three studies that contributed data and were published before 1994 (two for DR-CPR 11, 15 and one for NICU-CPR 4 ). Mortality for the DR-CPR cohort was OR 1.93 (95% CI 0.48, 7.71) and 3.12 (95% CI 2.13, 4.57); and for severe neurological injury was OR 0.86 (95% CI 0.18, 4.21) and 3.46 (95% CI 2.93, 4.08) for pre-1994 and post-1994 studies, respectively. Mortality OR for NICU-CPR from the only study before 1994 was 362 (95% CI 46, 2828), whereas from four studies after 1994, the OR was 37 (95% CI 11, 122).
Heterogeneity and publication bias assessment. There were clinical heterogeneities in the included studies in this review. This pertained to single center vs multicenter studies; population studied Systematic review of extensive CPR in neonates PS Shah (ELBW or VLBW neonates); definition of CPR (one old study included administration of atropine in extensive CPR); and period (publication year ranged from 1988 to 2008) of study. Statistical heterogeneity was identified in the meta-analyses of outcomes for mortality (I 2 ¼ 67% for DR-CPR and 78% for NICU-CPR), which was in the moderate range in keeping with clinical heterogeneity. Funnel plot assessment did not reveal indication for publication bias for the outcome of mortality.
Discussion
In this systematic review of the literature for VLBW and ELBW neonates, extensive DR-CPR was associated with higher odds of mortality and severe neurological injury (grade 3 or 4 IVH or periventricular leukomalacia). There were no differences in the odds of CLD, severe ROP and neurodevelopmental disability in childhood. However, the number of studies that have examined associations for these outcomes is limited and the reported studies have high rates of attrition for long-term outcome data. There was a significantly higher odds of mortality among infants who received NICU-CPR compared with those who did not receive NICU-CPR; however, because of small number of patients studied, the confidence limit remains extremely wide for this estimate. Subgroup analyses revealed increased, albeit lower than overall cohort, odds of mortality among ELBW neonates, and higher rates of mortality and neurological injury for studies published after 1994.
There has been a heated debate 31 and several studies have been conducted after the initial study by Lantos et al. 4 in 1988, reporting on the futility of extensive resuscitation for ELBW neonates, as there were only 4 survivors out of 49 patients (3 of whom were severely disabled) in their study. Several criticisms and counter reports ensued in the following years. 23 It must also be noted that in the post-surfactant and post-antenatal steroid guideline era (after 1994), there has been a steady improvement in the survival of ELBW neonates. It may be assumed that survival statistics would be better in later studies. However, the subgroup analyses revealed that our overall results are consistent with results from a subgroup Systematic review of extensive CPR in neonates PS Shah of studies published after 1994. It should be noted that only a few studies were available that were published before 1994. The largest study on this topic was analyses of data from the Vermont Oxford Network database, 3 which revealed very high odds of mortality (OR 4.51, 95% CI 4.06, 5.02) for DR-CPR, whereas other studies (sample size ranging from 78-397 patients) revealed both significant and non-significant associations. In this report, overall effects were calculated utilizing meta-analytic technique with a random effects model (to incorporate intra-and inter-studies heterogeneity).
Despite a flurry of discussion in the literature 31 regarding CPR in the NICU, not surprisingly, there is a dearth of reports of NICU-CPR. The etiology for NICU-CPR could be for acute reasons (for example, tube displacement, pneumothorax, blocked tube), for which the prognosis is good, or for ongoing deterioration from an existing condition (for example, CLD), for which prognosis may not be that favorable. It will be important for future studies to separate these two groups and identify risk estimates. All five studies of NICU-CPR reported higher odds of mortality; however, this information is not considered in any of the risk measures utilized for prediction of mortality risks in neonates.
It is reported that during extensive CPR, there is the possibility of increasing venous pressure within cerebral vasculature and subsequent risk of IVH or infarct. 32, 33 Indeed, the results of this meta-analysis confirmed this suspicion for DR-CPR patients. Unfortunately, we lack data from well-conducted follow-up studies regarding effects of these injuries on long-term neurodevelopmental outcomes of survivors.
This systematic review, including meta-analyses, has several strengths, such as extensive search, no language restrictions, inclusion of reports from various countries and settings, and appropriate meta-analytic techniques. However, there are several weaknesses of this review. First, the studies included are cohort and case-controlled studies, and mostly the information is obtained in a retrospective manner, as it would be hard to conduct a prospective study. This weakens the conclusions that can be made from these Systematic review of extensive CPR in neonates PS Shah studies and meta-analyses. Second, the practice of resuscitation varied widely over the last two decades, and the largest study 3 included centers from a worldwide network wherein practices of resuscitation and approaches to resuscitation could be significantly different. The studies included were from last 20 years and survival has changed markedly over this period. Third, some studies were descriptive case series, data from which could not be incorporated in this meta-analysis. However, the results from these descriptive studies are in the similar direction to studies with comparative cohorts.
Implications for practice
Very low birth weight and ELBW neonates are at increased risk of mortality and severe neurological injury if they required DR-CPR, and at higher odds of mortality if they required NICU-CPR. This information could be used in the counseling of families.
Implications for research
For future studies, the population should be divided in to three groups (a) DR-CPR, (b) NICU-CPR for acute etiology and (c) NICU-CPR for worsening clinical condition. Data on immediate neonatal and long-term outcomes should be collected prospectively. It will be important to assess whether this information, when added to existing predictive models of mortality for neonates, improves predictive power or not.
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